The minimal supersymmetric SO(10) model, in which not only the gauge but also the third generation fermion Yukawa couplings are unified, provides a simple and highly predictive theoretical scenario for the understanding of the origin of the low energy gauge interactions and fermion masses. In the framework of the Minimal Supersymmetric Standard Model with universal soft supersymmetry breaking parameters at the grand unification scale, large values of the universal gaugino mass M 1/2 ≥ 300 GeV are needed in order to induce a proper breakdown of the electroweak symmetry. In addition, in order to obtain acceptable experimental values for both the pole bottom mass and the b → sγ decay rate, even larger values of the gaugino masses are required. The model is strongly constrained by theoretical and phenomenological requirements and a heavy top quark, with mass M t ≥ 170 GeV, is hard to accomodate within this scheme. We show, however, that it is sufficient to relax the condition of universality of the scalar soft supersymmetry breaking parameters at the grand unification scale to be able to accommodate a top quark mass M t ≃ 180 GeV. Still, the requirement of a heavy top quark demands a very heavy squark spectrum, unless specific relations between the soft supersymmetry breaking parameters are fulfilled.
Introduction
The Standard Model provides a very good understanding of the strong and electroweak interactions and, so far, it has withstood all the experimental onslaughts. Yet, it leaves a host of open questions, which require, to be answered, the presence of an underlying structure with a larger symmetry content than the one sufficient to describe the physics at present accelerator energies. In particular, an explanation to the origin of forces and fermion masses, as well as the hierarchy between the Planck and the weak scale is still lacking. Supersymmetric theories have the potential of dealing with these problems and, at the same time, of remaining compatible with the low energy data. This is why, in spite of the lack of experimental evidence for supersymmetry, most theories beyond the Standard Model include this symmetry at some stage. In the simplest supersymmetric theories, gauge invariant, soft supersymmetry breaking terms are present, which yield masses to the unobserved supersymmetric particles, while the standard model fermion and boson fields acquire masses through the usual Higgs mechanism [1] . In addition, supersymmetry ensures the stability of the hierarchy between the weak and the Planck scales. Moreover, in the minimal supersymmetric models the weak scale and the scale of supersymmetry breaking are interrelated, and a natural explanation of the scale of electroweak symmetry breaking may only be achieved if the supersymmetric particle masses are smaller than, or of the order of, 1 TeV.
It has recently been realized that the weak and strong gauge couplings determined by the most recent measurements at the LEP experiments are consistent with the unification of gauge couplings within the minimal supersymmetric standard model [2] . The presence of gauge coupling unification has strongly revived the interest in softly broken supersymmetric theories, in particular, in the Minimal Supersymmetric extension of the Standard Model. Much work has been done in understanding the influence of threshold corrections at low and high energy scales and the impact of the precise supersymmetric spectrum on the predictions for the strong gauge coupling [3] . In particular, it has been shown that the low energy threshold corrections are strongly dependent on the Higgsino and gaugino masses, and weakly dependent on the squark and sfermion masses [4] . Moreover, the relevance of the experimental correlation between the top quark mass and the weak mixing angle in the obtention of the strong gauge coupling predictions has been emphasized. As we shall discuss below, due to this correlation, a heavy top quark, with mass M t > 150 (170) GeV, is associated with values of the strong gauge coupling α 3 (M Z ) ≥ 0.114 (0.117). The lower bound on α 3 (M Z ) increases for larger values of the top quark mass.
Furthermore, the question of fermion masses may also find a natural explanation within minimal supersymmetric Grand Unified Theories (see, for example, Refs. [5] , [6] ).
In fact, minimal supersymmetric GUTs give a natural explanation for the heaviness of the top quark: The condition of bottom-tau Yukawa coupling unification [7] , [8] requires large values of the top quark Yukawa coupling, h t , at the grand unification scale, M GU T , in order to contravene the strong gauge coupling effects on the running of the bottom Yukawa coupling [3] - [5] , [9] . Moreover, if the top quark Yukawa coupling acquires large values at the grand unification scale, Y t = h 2 t /4π ≥ 0.1, its low energy value is completely determined by the infrared fixed point structure of the theory [10] - [12] . Indeed, for small and moderate values of tan β -the ratio of vacuum expectation values of the Higgs fieldsfor which the effects of the bottom quark Yukawa coupling in the running of h t may be safely neglected, the infrared quasi-fixed point value of the running top quark mass in thē MS scheme is approximately given by
where the pole mass is related to the running mass by [13] 
A careful analysis shows that, for small and moderate values of tan β the conditions of gauge and bottom-tau Yukawa coupling unification lead to a top quark mass which, for the currently acceptable values for the bottom mass and the electroweak parameters, is within 10% of its infrared fixed point value [14] , [15] .
In general, the condition of bottom-tau Yukawa coupling unification determines the value of the top quark Yukawa coupling and, in the small and moderate tan β regime, implies a strong attraction of the top quark mass to its infrared fixed point. Observe that the infrared fixed point solution does not provide a direct prediction for the top quark mass, but only a strong correlation between M t and tan β. A prediction for both the top quark mass and tan β may only be obtained in theories with a richer symmetry structure than the one provided by the minimal supersymmetric SU(5) theory. In this respect, the minimal SO(10) model, where all Yukawa couplings proceed from a common coupling of the 16 representation of matter fields with a 10 representation of Higgs fields, provides a natural extension of the SU(5) scenario [6] , [16] - [20] . Since the top and bottom Yukawa couplings are of the same order, the hierarchy of top and bottom masses is due to a large value of the ratio of vacuum expectation values:
The condition of bottom-tau Yukawa unification is implicit within this scheme, therefore, the infrared fixed point attraction is potentially present and the top quark mass tends to get larger values. However, since the bottom and the top Yukawa couplings are of the same order, the bottom Yukawa effect is sufficiently strong by itself to partially contravene the strong gauge coupling effects on its renormalization group running. Then, the top quark Yukawa coupling at the grand unification scale tends to be smaller than for moderate values of tan β and the infrared fixed point attraction becomes weaker. The top quark mass prediction becomes much more sensitive to the actual value of the bottom mass and the strong gauge coupling. Hence, the strong predictivity expected from the combination of large values of tan β and the infrared fixed point attraction is not actually realized within this scheme.
Moreover, for the large values of tan β implied by the above condition, Eq. (3), large corrections to the running bottom mass induced by the supersymmetry breaking sector of the theory are present [6] , [21] - [23] . These corrections, which may be as large as 50%
of the bottom mass value, make the top quark mass predictions highly dependent on the nature of the supersymmetry breaking sector of the theory. For instance, if the soft supersymmetry breaking parameters are such that these corrections are negligible, larger values of the top quark mass M t ≥ 170 GeV are preferred. In the case of universal soft supersymmetry breaking parameters at the grand unification scale, these corrections are, instead, large, and lower values of the top quark mass, M t ≤ 170 GeV, are preferred [26] . Hence, no prediction for the top quark mass may be obtained unless a specific framework for the breakdown of supersymmetry is given.
In this talk, we first concentrate on the simplest supersymmetry breaking scenario, with universal soft supersymmetry breaking parameters at the grand unification scale, and we describe the phenomenological and theoretical constraints arising in this model (for a detailed discussion of similar issues at low values of tan β, we refer the reader to [24] and [25] ). We shall show that strong correlations between the different sparticle masses appear within this scheme. Furthermore, a lower bound on the squark and gaugino masses is obtained from the requirement of a proper SU(2) L × U(1) Y breakdown. We shall also discuss the corrections to the bottom mass, its correlation with the supersymmetric contributions to the b → sγ decay rate and its implication for the top quark mass predictions.
Finally, we shall briefly describe the implications of relaxing the condition of universality of the soft supersymmetry breaking parameters, both in the Higgs and the sfermion sector of the theory.
Gauge Coupling Unification
In order to analyse the condition of gauge coupling unification, the experimental correlation between the top quark pole mass and the weak mixing angle should be considered. Indeed, taking as input values the Fermi constant, the value of the Z-boson mass M Z , and the value of α em (M Z ), in the modifiedMS scheme a correlation between the top quark mass and sin 2 θ W (M Z ) is induced through the top quark mass dependent radiative corrections to the weak mixing angle [3] ,
In addition, in order to fully understand the implications of gauge coupling unification, a few words about the supersymmetric threshold corrections to the gauge couplings should be said. For a given supersymmetric spectrum, and a fixed value of the weak mixing angle, the value of α 3 (M Z ), determined by the gauge coupling unification condition, is given by
where
is the contribution to 1/α 3 (M Z ) due to the inclusion of the supersymmetric threshold corrections at the one-loop level, γ i includes the two-loop corrections to the value of 1/α i (M Z ), ∆ i are correction constants that allow a transformation of the gauge couplings from the minimalMS scheme to the dimensional reduction schemeDR, more appropriate for supersymmetric theories, and b i are the supersymmetric beta function coefficients associated to the gauge coupling α i . As becomes clear from Eq. (6), the effective threshold scale T SU SY gives a parametrization of the size of the supersymmetric threshold corrections to the gauge couplings and it would coincide with the overall mass scale M SU SY only if all supersymmetric particles were degenerate in mass.
In order to study the dependence of T SU SY on the different sparticle masses, we define mq, mg, ml, mW , mH and m H as the characteristic masses of the squarks, gluinos, sleptons, electroweak gauginos, Higgsinos and the heavy Higgs doublet, respectively. Assuming different values for all these mass scales, we derive an expression for the effective supersymmetric threshold T SU SY , which is given by [4] T SU SY = mH mW mg 
The above relation holds whenever all the particles involved have masses m η > M Z . If, instead, any of the sparticles or the heavy Higgs boson has a mass m η < M Z , it should be replaced by M Z for the purpose of computing the supersymmetric threshold corrections to 1/α 3 (M Z ). From Eq. (7), it follows that T SU SY has only a slight dependence on the squark, slepton and heavy Higgs masses and a very strong dependence on the overall Higgsino mass, as well as on the ratio of masses of the gauginos associated with the electroweak and strong interactions. In Table 1 , we show the predictions for the strong gauge coupling, for different values of sin 2 θ W (M Z ) and the supersymmetric threshold scale, together with the approximate value of the top quark pole mass associated with each value of sin 2 θ W (M Z ). The above values of α 3 (M Z ) are obtained from our two-loop renormalization group analysis, and they depend slightly on the top quark Yukawa coupling, and hence on tan β. In general, for values of the top quark mass M t ≥ 140 GeV, the variation induced The largest uncertainties associated with the unification scheme come from the threshold corrections at the grand unification scale. We shall not discuss them here (for a detailed discussion, see, for example, Ref. [3] ), but we shall assume moderate corrections, of the order of those coming from the supersymmetric spectrum. Thus, for a supersymmetric spectrum with characteristic masses of the order of or below 1 TeV, the condition of gauge coupling unification, together with the experimental correlation between sin 2 θ W (M Z ) and M t , Eq. (4), imply the following correlation between α 3 (M Z ) and the top quark mass,
It is instructive to compare Eq. (8) 
Yukawa Coupling Unification
The general features of Yukawa coupling unification in the Minimal Supersymmetric Standard Model are discussed in section 1. In the following, we shall concentrate on the properties of the minimal supersymmetric SO(10) model, for which not only the bottom and the tau, but also the top quark Yukawa coupling unify at the GUT scale. As we discussed in section 1, large values of tan β (≃ O(50)), are predicted within this scheme.
The fact that in the minimal supersymmetric SO(10) model, the value of tan β is approximately equal to the ratio of the top and bottom quark masses at the top mass scale comes from the approximate equality of the top and bottom Yukawa couplings at low energies. Such an approximate equality is implied by their unification condition, and the presumption that the bottom and top quarks acquire masses, each of them, only through one of the two Higgs doublet vacuum expectation values: 
where K 1 is the coefficient of the one-loop corrections to the bottom mass, ∆m b /m b = K 1 tan β, andm b would be the value of the running bottom mass if the supersymmetric one-loop corrections were negligible. Recalling that, at the two-loop level, the physical and running bottom masses are related by
due to the low energy renormalization group running of the bottom quark mass the following property is fulfilled,
In the above,M b would be the value of the physical bottom mass if no supersymmetric corrections were present, while
The above property, Eq. (11), is relevant for the understanding of the top quark mass predictions coming from the unification of couplings. In Fig. 1 For a clear interpretation of Fig. 1 it is important that, for large values of tan β, the fixed point prediction, Eq. (1), is modified due to the non-negligible bottom quark Yukawa coupling effect in the running of the top quark Yukawa coupling [4] , [26] . Indeed, for h b ≃ h t a more appropriate expression than Eq. (1) is
which, recalling the relation between the running and the pole masses, Eq. (2), describes within a good approximation the upper bound on the top quark mass (long-dashed line)
shown in Fig. 1 .
Supersymmetry and Electroweak Symmetry Breaking
As we mentioned above, in the large tan β regime, the top quark mass predictions depend strongly on the nature of the soft supersymmetry breaking terms arising at low energies. In principle, the Minimal Supersymmetric Standard Model yields a multiplication of free parameters, which are only constrained by the requirement of avoiding a conflict with present experimental data. One of the strongest requirements is the absence of flavour changing neutral currents, which is fulfilled if the squarks of the first two generations are approximately degenerate in mass. It has been realized long ago that such is naturally the case if all soft supersymmetry breaking squark and gaugino mass parameters are universal at the grand unification scale. This supersymmetry breaking scheme appears naturally in minimal supergravity models, in which not only the squarks but also the Higgs fields acquire common soft supersymmetry breaking terms at high energies, and all the supersymmetry breaking terms at low energies may be given as a function of only four parameters: The universal scalar mass m 0 , the universal gaugino mass M 1/2 , and the universal trilinear and bilinear couplings A 0 and B 0 , which are associated with contributions to the high energy effective potential proportional to the trilinear and bilinear terms of the superpotential.
We shall first concentrate on the minimal supergravity SO(10) model. In section 6 we shall briefly discuss the situation where the condition of universality of the soft supersymmetry breaking parameters is relaxed. In general, the superpotential reads
where 
where the Higgs field mass terms contain a part coming from the superpotential and another coming from the soft supersymmetry breaking parameters: m
, with i = 1, 2 and m dm
The rest of the renormalization group equations may be found in the literature [28] . Let us just remark that, in the minimal supergravity scheme, M Def f and M U ef f present very similar renormalization group evolutions when h t ≃ h b . Indeed, for bottom-top Yukawa coupling unification they only differ by the different hypercharge quantum numbers of the right bottom and top quarks, the slightly different running of the bottom and top Yukawa couplings, and the small tau Yukawa coupling effects (recall that the tau Yukawa coupling is renormalized to lower values than the bottom and top ones, due to the absence of strong gauge coupling effects in its one-loop renormalization group evolution).
Considering the renormalization group evolution of the mass parameters m 
Radiative Electroweak Symmetry Breaking
In order to induce a proper breakdown of the electroweak symmetry, the following conditions need to be fulfilled, sin 2β = 2m 
and 
As was explained in Ref. [22] , the second of these conditions can be obtained by assuming that there is a softly broken symmetry implying the smallness of the parameters B and/or µ. The first condition is just a reflection of the fact that the vacuum expectation value of the Higgs H 2 is the one that determines the electroweak vector boson masses. The fact that the CP-odd Higgs mass squared should be positive, together with Eq. (19), implies that m
The above described properties are general in the sense that they do not depend on the supersymmetry breaking mechanism. If we consider the running of the Higgs mass parameters in the minimal supergravity model with bottom-top Yukawa unification, Eq. (16), strong implications follow from Eqs. (19) and (20),
Analysing the RG evolution of the soft supersymmetry breaking parameters, Eq. (15), and taking into account the constraints of Eq. (21), an approximate solution for the Higgs mass parameter m 2 2 is obtained,
where Y /Y f is the ratio of the top quark Yukawa coupling squared to its fixed point value, and C 1 and C 2 are coefficients that depend on the value of the strong gauge coupling constant and, for α 3 (M Z ) ≃ 0.12, are approximately given by C 1 ≃ 6 and C 2 ≃ 3. Hence, the condition m
Z /2, together with the large values of M 1/2 necessary to achieve unification of couplings, imply a strong correlation between µ and M 1/2 . This correlation, which is shown in Fig. 2 , has profound implications for the sparticle spectrum and the determination of the bottom mass corrections.
In the following, we shall summarize the main features of the Higgs and supersymmetric spectrum. For a more detailed discussion, we refer the reader to [26] . 
Bottom Mass Predictions and the b → sγ Decay Rate
In section 3 we have mentioned the possibility of inducing non-negligible one-loop corrections to the running bottom mass, Eq. (9) . In this section we want to explicitly show which are the relevant one-loop contributions to the running bottom mass and how they are correlated with the chargino contributions to the b → sγ decay rate. As we show in section 3, in order to estimate the size of the bottom mass corrections, we need to compute the supersymmetry breaking-induced effective coupling of the bottom quark to the H 2 field, which amounts to computing the coefficient K 1 , with ∆m b /m b = K 1 tan β. The contributions to the coefficient K 1 come from the sbottom-gluino and stop-chargino graph contributions to the bottom quark self energies. It is easy to show that the dominant contributions are given by
where m
, with i = 1, 2, are the squark mass eigenstates and the integral factor I(a, b, c) is given by
The renormalization group equation of the A t parameter shows that its low energy values are strongly correlated with the universal gaugino mass. In fact, using the relation Mg ≃ 2.6-2.8 M 1/2 it follows [26] that
Observe that, due to the minus sign appearing in Eq. (26), there is a partial cancellation between the two different contributions to K 1 , which yields a significant reduction in the bottom mass corrections (typically of the order of 25%). As will be shown below, this partial cancellation, although important, is by far not sufficient to render the bottom mass corrections small.
Conditions for a small K 1 and Minimal Supergravity
To get an estimate of the size of the bottom mass corrections, it is important to observe that the integral factors I(a, b, c) are always of the order of the inverse of the largest mass squared appearing in the integral. Since the coupling constant dependent factors of both contributions to K 1 are of order 0.01, and tan β is of order 50, to get a small bottom mass correction the following properties should be fulfilled [22] :
where mq represents the heaviest third generation squark mass eigenstates. In addition, the requirement of electroweak symmetry breaking implies that the mass parameter B should be small in comparison to m A , unless µ itself is much smaller than m A . All these requirements may be satisfied by imposing a softly broken Peccei-Quinn symmetry, which implies the smallness of the mass parameter µ, together with an approximate continuous R symmetry, present in the limit B → 0, Mg → 0, A t → 0, whose breaking is characterized by the (assumed) small parameter
As we shall discuss in section 6, the above conditions may only be reached by relaxing the condition of universality of the soft supersymmetry breaking parameters at the grand unification scale.
In the framework of minimal supergravity, with exact unification of the third generation quark and lepton Yukawa couplings, the strong correlations between the parameters µ, A t , Mg and the third generation squark masses -derived from their renormalization group equations and the condition of a proper breakdown of the electroweak symmetryimply that the above symmetries are not present in the low energy spectrum. Hence, the bottom mass corrections are large within this framework [26] :
Taking into account Eq. (22) and the numerical results from Fig. 1 , we see that the corrections are of order 45 % for M t ≃ 190 GeV and of order 20 % for M t ≃ 150 GeV.
The corrections are sufficiently large to rule out any solution withM b < M b . This is simply due to the impossibility to accommodate a physical bottom mass in the experimentally allowed range, while keeping the top Yukawa coupling in the perturbative domain at energies of the order of the grand unification scale. Hence, the coefficient K 1 should be negative, implying that the only acceptable branch is that with negative (positive) values of Mg × µ (A t × µ). Consequently, an upper bound on the top quark mass M t may be obtained. This corresponds, for a given value of the strong gauge coupling, to the maximum value of the top quark Yukawa coupling (and tan β) consistent with a physical bottom mass M b equal to its lower experimental bound M L b ≃ 4.6 GeV. There are small uncertainties in the computation of this upper bound, associated with the size of the low energy threshold corrections to the top quark mass, small tau mass corrections analogous to the bottom ones and QCD scale uncertainties. Conservative upper bounds for the top quark mass are given by [26] M t ≤ 165 (175) (185) GeV, for α 3 (M Z ) = 0.12 (0.125) (0.13).
These bounds go rapidly down if the bottom mass is larger than 4.6 GeV. Let us remark again that these bounds do not apply in general in the supersymmetric SO(10) model, but are only a consequence of the particular supersymmetry breaking scheme under study. Relaxing the high energy boundary conditions for the soft supersymmetry breaking parameters, these bounds on M t may be diluted.
b → sγ Decay Rate
The dominant supersymmetric contributions to the b → sγ decay rate have been recently analysed by several authors [29] - [33] . In the Minimal Supersymmetric Standard
Model, there is a contribution coming from the charged Higgs, which, for low values of the charged Higgs mass, enhances the Standard Model decay rate. The dominant effect from supersymmetric particles comes from the one-loop chargino-stop contributions to the b R → s L γ transition. In the supersymmetric limit, tan β = 1 and µ = 0, the chargino contributions exactly cancel the W ± and charged Higgs ones, and the b → sγ transition element vanishes. This behaviour is not preserved once supersymmetry is broken.
In particular, the large tan β scenario is far from being close to the supersymmetric limit and the dominant chargino contribution to the b → sγ decay rate may have both signs. In general, in the large tan β regime it is proportional to
where A γ and A g are the coefficients of the effective operators for bs-photon and bs-gluon interactions, as defined in Ref. [30] , g γ,g (x) is a function of x proportional to the derivative of the function f
γ,g (x) defined in Ref. [30] , and we have assumed a small mixing in the stop sector, with mass eigenstates mt 1(2) = m 2 t + (−)A t m t . From Eq. (31) it follows that the sign of the chargino contribution to the b → sγ decay amplitude depends on the sign of A t × µ, and hence is correlated in sign with the bottom mass corrections discussed above. Observe that the chargino (charged Higgs) contribution to the decay amplitude is always small if the supersymmetric (charged Higgs) spectrum is sufficiently heavy.
One can show that for positive (negative) values of A t × µ the supersymmetric rate becomes larger (smaller) than that of the Standard Model plus one extra Higgs doublet. Since in the minimal supergravity SO(10) model, once the supersymmetry breakinginduced bottom mass corrections are included, positive values of A t × µ are required to obtain acceptable values for the physical bottom mass, then, the b → sγ decay rate may be significantly enhanced with respect to the SM one. Consequently, one can obtain sparticle mass bounds by requiring the decay rate to be smaller than the present experimental bounds, BR(b → sγ) < 5.4 × 10 −4 [34] . One should recall, however, that there are theoretical uncertainties associated with the decay rate computations, which may be as large as 20-30% [35] . Taking them into account at the 2-σ level [26] , for a top quark mass M t of the order of 150 GeV, the following lower bound on the universal mass parameter M 1/2 may be obtained:
This implies a lower bound for the masses of the third generation squarks, charginos and charged Higgses larger than the ones already demanded by the condition of electroweak symmetry breaking,
Observe that, in this case, the lightest CP-even Higgs mass is constrained to be in the range m h ≃ 110-130 GeV.
6 Non-Universal Soft Supersymmetry Breaking Parameters
In the above, we have analysed in detail the implications of having universal soft supersymmetry breaking parameters at the grand unification scale. In this case, the bottom mass corrections and the chargino contributions to the b → sγ decay rate are correlated in sign and they are sufficiently large to put constraints on the particle spectrum as well as an upper bound on the top quark mass as a function of the strong gauge coupling. The phenomenological implications of relaxing the condition of universality depend on the nature of the soft supersymmetry breaking parameters. Instead of performing a detailed study of the general case, we shall concentrate on understanding which should be the pattern of supersymmetry breaking parameters at the grand unification scale in order to induce only small bottom mass corrections (lower than, say, 10% for a heavy top quark) and small chargino contributions to the b → sγ decay rate.
We assume that the universality of the soft supersymmetry breaking gaugino masses is kept and we investigate possible violations of the universality condition in the scalar sector. As was shown in section 5, to obtain an effective cancellation of the bottom quark mass corrections and of the chargino contributions to the b → sγ decay rate, we need either small values of A t and Mg and/or small values of µ in comparison with the squark masses. Hence, the soft supersymmetry breaking parameters should fulfil the following
where m S (0) represents the characteristic scalar soft supersymmetry breaking mass parameters. Assuming bottom-top-tau Yukawa coupling unification and the fulfilment of Eq. (34), and neglecting the small tau Yukawa coupling effects in the bottom quark Yukawa coupling renormalization group running as well as the small right top-bottom hypercharge difference, the following approximate analytical solutions for the Yukawa couplings and mass parameters are obtained,
In the above, Finally, in order to avoid tachyonic solutions in the squark sector, we need,
The requirement that µ 2 is not correlated with the squark masses, Eq. (39), implies, for a given top quark mass, a very precise relationship between the different supersymmetry breaking parameters at the grand unification scale, which may only be fulfilled in particular supersymmetry breaking scenarios. The necessity of fulfilling the additional constraints given above reduces even more the degree of arbitrariness of the supersymmetry breaking parameters at high energies. The further away from the top quark mass fixed point we are, the easier the conditions are to fulfil. For example, for a top quark mass M t ≃ 175 GeV, which corresponds to Y /Y f ≃ 0.8, the above conditions may be fulfilled by a particularly simple set of supersymmetry breaking parameters: All the scalars acquire a universal soft supersymmetry breaking term m (10), have a common supersymmetry breaking mass m 2 H (0) at the grand unification scale. There may be, however, additional sources of supersymmetry breaking at the SO(10) breaking scale. A particular natural one is the presence of a D-term associated with the necessary U(1) X gauge symmetry breakdown to reduce the rank of the SO(10) group to that of SU (5) . If this term were present, it would break supersymmetry in a very specific way.
The following boundary conditions would be obtained in this case [36] , 
GeV, where Cq = 0.15-0.2 and mq is the characteristic third generation squark masses. For squark masses lower than 2 TeV, for example, the charged Higgs mass cannot be larger than 400 GeV.
The above conditions may be modified if non-universal soft supersymmetry breaking parameters at the grand unification scale are considered. We have shown that it is possible to minimize the supersymmetric bottom mass corrections and the contributions to the b → sγ decay rate, which allows to accommodate a heavier top quark mass. This demands the presence of light gauginos in the spectrum. The squarks and sleptons are in general heavy, with masses larger than or of the order of 1 TeV. A very heavy squark and slepton spectrum may only be avoided if very specific relations between the soft supersymmetry breaking parameters are fulfilled. Nevertheless, these relations may only be satisfied if there is a departure of the top quark mass from its infrared fixed point value.
For example, if the only source of non-universality is associated with the breakdown of the SO (10) http://arXiv.org/ps/hep-ph/9407209v1
